A culture system has been designed in which enzymatically isolated oocyte\p=n-\granulosa cell complexes from fresh and frozen\p=n-\thawedovine ovarian tissue can 
Introduction
Cryopreservation of ovarian tissue is a new and promising technique for preserving fecundity which may be applicable to cancer patients who are at risk of sterilization from chemotherapy or radiotherapy treatment, or for safeguarding the reproductive potential of endangered species (Oktay et al, 1998) . Laparoscopie techniques facilitate the recovery of ovarian cortical biopsies that contain hundreds or even thousands of follicles. The histological examination of human ovarian tissue after freeze-thawing indicates the presence of morphologically normal follicles (Hovatta et al, 1996) and quantification of the number of follicles after xenografting samples into immunodeficient mice for 18 days shows that 44-84% of the population survives (Newton et al, 1996) . Although freeze-banking ovarian tissue preserves a substantial proportion of the follicle store, no suitable method is available for harvesting the reproductive potential from this material.
One option is to isolate immature follicles from the surrounding stroma for growth to maturity in vitro (Gosden et al, 1993;  Hartshorne, 1997) . Dissection of ovarian cortical tissue harvests a large number of follicles, many of which are naturally destined to undergo atresia without ovulating. Murine tissue can be teased apart with fine needles to yield preantral follicles that can be grown to maturity in vitro even if the isolated follicles are frozen-thawed before culture (Qvist et al, 1990; Nayudu and Osborn, 1992; Cortvrindt et al, 1996a,b) . Oocytes ovulated from the cultured follicles in response to LH have been fertilized and produced blastocysts which, after transfer to pseudopregnant females, resulted in the birth of viable pups (Spears et al, 1994) .
The success of in vitro follicle culture techniques is dependent on the ability to harvest efficiently large numbers of healthy preantral follicles from ovarian tissue. Although manual dissection has proved successful in mice, the technique is laborious, time consuming and difficult in species with a fibrous stroma such as humans and ruminants. Enzymatic isolation with collagenase is more efficient, but this procedure removes the thecal layer and damages the basement membrane, thus isolating oocytegranulosa cell complexes rather than intact follicles (Hirao et al, 1994; Li et al, 1995; Hartshorne, 1997 Hirao et al, 1994; Cain et al, 1995; Li et al, 1995; Abir et al, 1997 ). Oocyte-granulosa cell complexes of this size were therefore excluded from all culture experiments.
All oocyte-granulosa cell complexes measuring < 190 pm in diameter and 58.7 ± 5.3% of complexes measuring 190-240 pm showed signs of damage after 120 h of in vitro culture. Morphological changes observed included the extrusion of the oocyte from the complex (Fig. la) , the appearance of dark necrotic areas (Fig. lb) , and the 'collapse' of the complex resulting in a loss of spherical structure, spreading and adherence of the granulosa cells to the bottom of the culture well (Fig. lc,d ). complexes (Fig. 2a-c) grown for 30 days in serum-free culture formed antral cavities and maintained a spherical or semi-spherical (with a flattened surface at the point of contact with the plate) three-dimensional structure during growth and expansion (Fig. 2d) . Complexes that were cultured in medium containing 5% serum rarely maintained a three-dimensional structure. In the presence of serum, follicular cells adhered to the culture surface, proliferated and tended to form flattened monolayers, with a collapsed appearance similar to that observed earlier (Fig. lc,d ).
Antrum formation was observed in 25 ± 9% and 18 ± 6% of the initial population of oocyte-granulosa complexes grown in serum-free medium supplemented with FSH and LH after isolation from fresh and frozen-thawed tissue, respectively. Antral cavities were observed in the two groups after 13.8 ± 0.8 and 12.0 ±1.6 days of in vitro culture, respectively. There was no significant difference in these means or in the subsequent rate of growth and expansion (pm per day) of fresh and frozen-thawed oocyte-granulosa cell complexes (Fig. 3a) . After (Fig. 5a,b) . In contrast, oocyte-granulosa cell complexes grown in vitro to the antral stage showed no positive staining for collagen (Fig. 5c,d) Oocyte-granulosa cell complex diameter (pm) Fig. 4 (Picton et al, 1990 (Brown et al, 1996) , but the creation of frozen embryo banks raises many ethical and legal problems (Trounson and Dawson, 1996) . Frozen storage of mature oocytes before insemination is an alternative option but the success rate of this procedure is low (Chen, 1986; Van Uem et al, 1987; Porcu et al, 1997) and there have been many reports of deleterious changes to the oocyte after thawing (Johnson and Pickering, 1987; Pickering and Johnson, 1987 ; Van der Eist et al, 1988; Trounson and Kirby, 1989; Wood et al, 1992) . In contrast, the ovarian cortex contains a large supply of primordial and preantral follicles that are small and undifferentiated and thus less likely to be damaged by the freezing process. The cryopreservation of this material should be a more effective method for preserving fecundity and the development of a successful in vitro culture strategy may allow mature oocytes to be harvested efficiently from the immature follicles.
In conclusion, this study has shown that oocyte-granulosa cell complexes isolated from the frozen-thawed tissue of large animals can be grown to antral size in vitro. The technique has many applications. As a research tool, the model facilitates the study of factors that are important during in vitro growth of follicles, and may also prove a useful method for the introduction of foreign DNA into the germ line. The freeze-banking of tissue from fertile donors or recently deceased animals of rare breeds, endangered species or transgenic animals may facilitate the harvest of immature follicles and hence mature oocytes from these precious animals. This is particularly important for endangered species whose populations are often maintained by captive breeding programmes in which the small number of animals may lead to inbreeding depression. The periodic release of banked oocytes into these groups may help to increase the genetic diversity and maintain species fitness in rapidly dwindling populations (Ballou, 1992) . From a clinical viewpoint, the technology may also prove important for harvesting the reproductive potential from the frozenbanked tissue of cancer patients sterilized by chemotherapy or radiotherapy. Although follicle culture technology is still in its infancy, the rapidly expanding knowledge in the field of reproductive biology may allow the use of these techniques for assisted reproduction in the future.
